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[57] ABSTRACT 

An automatic music player system having an ensemble 
playback mode of operation using a memory disk hav- 
ing recorded thereon a piece of music composed of at 
least two combined parts to be reproduced separately of 
each other, the parts being recorded in the form of at 
least two data subblocks, comprising a first sound gen- 
erator to mechanically generate sounds when mechani- 
cally or electrically actuated, at least one second sound 
generator to electronically generate sounds when elec- 
tronically actuated and a control unit connected to the 
first and second sound generators, wherein (1) one of 
the two or more data subblocks of the data read from 
the disk is discriminated from another, whereupon the 
discriminated one of the data subblocks is transmitted to 
the first sound generator and another data subblock 
transmitted to the second sound generator, and wherein 
(2) the transmission of data to the second sound genera- 
tor is continuously delayed by a predetermined period 
of time from the transmission of data to first sound 
generator so that the two sound generators are enabled 
to produce sounds concurrently and in concert with 
each other. 

7 Claims, 8 Drawing Sheets 
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cally act on the key action and control pedal mechanism 
AUTOMATIC SOUND PLAYER SYSTEM HAVING of the piano and enable the piano to generate "mechani- 
ACOUSTIC AND ELECTRONIC SOUND SOURCES caT musical sounds conforming to the data received 

from the memory, as in the prior-art player system. In 
FIELD OF THE INVENTION 5 an automatic music player system according to the 

The present invention relates to an automatic music present invention, the data read out from the memory 
player system using the combination of mechanical and m supplied not only to the solenoid-operated drive 
electronic sound generators. assemblies in the player piano but also to the keyboard 

^ . ^x^«^^ T ^ ^ T . T ,™™^, console and electronically actuate the keyboard console 

BACKGROUND OF THE INVENTION io t0 generate "electronic" musical sounds 

An automatic music player system is known which Such an improved automatic music player system 

includes a player piano capable of reproducing the mu- proposed by the present invention may involve consid- 

sical information which has originated in the piano. erable amounts of delay in generating mechanical 

Such musical information is produced by an operator sounds by the motions of the key action and control 

keying in on the keyboard of the piano and is converted 15 pedal mechanisms which are driven by the solenoid- 

into coded musical data, which are then memorized into operated drive assemblies. Due to such delays on the 

a memory during recording mode of operation of the part of the player piano, the piano could not follow the 

system. For the reproduction of the musical information performance of the keyboard console which is electron- 

thus memorized into the memory, the coded musical ically actuated to generate sounds electronically. The 

data are read out and are converted into corresponding 20 pianQ serving ^ the mec hanical sound generator and 

driver signals, which are then applied to the individual the keyboard console serving as the electronic sound 

elements of solenoid-operated drive assemblies pro- generator are thus unable to play back the respectively 

vided within the player piano. The drive assemblies assigned parts of the music in concert with each Qther 

thus actuated dnve the key action and control pedal The t mvention contem pi ates resolution of 

mechanisms of the piano and enable the piano to gener- 25 guch a m accordin , it is anothcr . m t 

ate musical sounds conforming to the data received object of the pre$em mventio V to provide an improved 

Tne o'f inconveniences experienced with an auto- S * Stem P*** ° f f esteblishl ^ 

matic music player system of this type results from the Z^l lLZ S • ? h P i ? Performance be- 
fact that any musical information which has not origi- 30 the mechanical and- electronic sound generator 

natedintheplayerpianopersecouldnotbereproduced ^provided m the system. 

from the piano. Only the musical information which has lt » s U1 motl * T important object of the present in- 
been keyed in within the player system can thus be venUon to provide an improved automatic music player 
reproduced by the piano per se and, for this reason, s ^ m in ^ h ^ mechanical sound generator unit 
difficulties are encountered if it is desired to perform an 35 such as Really a piano is enabled to produces sounds 
"ensemble" mode of playback operation between the concurrently with the electronic sound generator unit 
piano of the system and any external sound generator such M typically an MIDI keyboard console, 
which may be used in combination with the piano. The SUMMARY OF THE INVENTION 

operator who desires to have the system perform such 

an ensemble mode of playback operation must set the 40 Thus, the present invention proposes to provide an 
external sound generator into operable condition appro- automatic music player system which is cabale of per- 
priately by having recourse to time-consuming steps forming an ensemble mode of playback operation be- 
required to establish compatibility of playback perfor- tween a mechanical sound generator such as typically a 
mance between the piano and the sound generator. player piano and a suitable electronic sound generator 

It is, accordingly, an important object of the present 45 ; provided in combination with the player piano or an- 
invention to overcome such an inconvenience inherent v' v other form of mechanical sound generator, 
in a prior-art automatic music player system through The present invention further proposes to retard the 
provision of an improved automatic music player sys- transmission of data signals to the electronic sound 
tern which is capable of producing both mechanically generator so as to compensate for the retarded genera- 
and electronically generated musical sounds concur- 50 ti°n. of sounds by the mechanical sound generator or 
rently one by means of a mechanical sound generator piano. 

and the other by means of a suitable electronic sound In accordance with one important aspect of the pres- 
generator. Such an automatic music player system typi- ent invention, there is provided an automatic music 
cally uses a player piano as the mechanical sound gener- player system having an ensemble playback mode of 
ator and an MIDI (Musical Instrument Digital Inter- 55 operation using a memory medium having recorded 
face) standardized keyboard console as the electronic thereon a piece of music composed of at least two com- 
sound generator. The musical information produced by bined parts to be reproduced separately of each other, 
an operator keying in on the keyboard of the piano is the parts being recorded in the form of at least two data 
converted into coded musical data, which are then subblocks, comprising 

memorized into the memory provided in association 60 (a) first sound generator means to mechanically gener- 
with both the player piano and the keyboard console ate sounds when mechanically or electrically actu- 
during recording mode of operation of the system. Dur- ated, 

ing ensemble mode of playback operation, the coded (b) at least one second sound generator means to elec- 
musical data stored in the memory are read out there- tronically generate sounds when electronically actu- 
from and are converted into driver signals, which are 65 ated and 

selectively applied to the individual elements of sole- (c) control means operativeiy connected to the first and 
noid-operated drive assemblies provided within the second sound generator means, wherein said control 
player piano. The drive asemblies thus actuated electri- means is operative so that 
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(1) one of the two of more data subblocks of the data In one preferred embodiment of an automatic music 
read from the memory medium is discriminated player system according to the present invention, the 
from another, whereupon the discriminated one of first sound generator means forms part of a piano and 
the data subblocks is transmitted to the first sound comprises (a-1) a keyboard, (a-2) a key action mecha- 
generator means and another data subblock is 5 n ism operatively connected to the keyboard, (a-3) a 
transmitted to the second sound generator means, control pedal mechanism, (a-4) string arrangement asso- 

ciated with the key action and control pedal mecha- 

(2) the transmission of data to the second sound gen- nisms, (a-5) electromagnetically operated drive assem- 
erator means is continuously delayed by a predeter- blies associated with the key action mechanism and the 
mined period of time from the transmission of data 10 control pedal mechanism, respectively, and (a-6) inter- 
to the first sound generator so that the first and face control means operatively intervening between the 
second sound generator means are enabled to pro- control means and the drive assemblies through the first 
duce sounds concurrently and in concert with each data transmission means, the interface control means 
other, being operative to electrically actuate the drive assem- 

In accordance with another important aspect of the 15 blies in response to signals representative of the digital 
present invention, there is provided an automatic music data received from the control means through the first 
player system having a plurality of modes of operation data transmission means during playback mode of oper- 
including an ensemble playback mode of operation ation. In this instance, the plurality of modes of opera- 
using a data storage medium having recorded thereon tion of the player system may further include a record- 
performance data representative of a piece of music 20 ing mode of operation, wherein the first sound genera- 
composed of at least two combined parts to be repro- tor means further comprises sensor assemblies respec- 
duced separately of each other, the data being recorded tively associated with the key action mechanism and the 
on the memory medium in the form of at least two data control pedal mechanism, the sensor assemblies being 
subblocks consisting of a subblock of data representa- operative to produce musical data signals representative 
tive of one of the parts of the piece of music and a of the musical information keyed in on the keyboard 
subblock of data representative of the other of the parts, during recording mode of operation of the player sys- 
comprising tern. 

(a) first sound generator means operative to mechani- „ 

cally generate sounds when actuated; ^ BRIEF DESCRIPTION OF THE DRAWINGS 

(b) at least one second sound generator means operative The features and advantages of an automatic music 
to electronically generate sounds when actuated; and player system according to the present invention will be 

(c) control means operatively connected to the first more clearly appreciated from the following descrip- 
sound generator means and the second sound genera- tion taken in conjunction with the accompanying draw- 
tor means, the control means comprising 35 ings, in which: 

(c-1) data reading means operative to read data from FIG. 1 is a front elevation view showing the overall 

the data storage medium, configuration of a preferred embodiment of an auto- 

(c-2) discriminating means for discriminating one of matic music player system according to the present 

the at least two data subblocks from another, invention; 

(c-3) bidirectional first data transmission means pro- 40 FIGS. 2A and 2B are fragmentary front elevation 

viding data communication between the first sound views jointly showing, to an enlarged scale, the front 

generator means and the control means for trans- panel configuration of the control unit which forms part 

mitting the discriminated one of the data subblocks of the player system illustrated in FIG. 1; 
to the first sound generator means, the first sound FIG. 3 is a block diagram schematically showing an 

generator means being to be actuated in response to 45 example of a computer hardware structure operable for 

the data transmitted through the first data transmis- implementing the algorithms to execute the various 

sion means, and control functions to be performed by the control unit of 

(c-4) at least one bidirectional second data transmis- the player system embodying the present invention; 
sion means providing data communication between FIG. 4 is a flowchart showing the main routine pro- 

the second sound generator means and the control 50 gram useful for executing the general algorithm to exe- 

means for transmitting another data subblock to the cute such control functions of the control unit; 
second sound generator means, the second sound FIGS. 5A and SB are flowcharts showing thesubrou- 

generator means being to be actuated in response to tine programs including the program predominant over 

the data transmitted through the second data trans- the ensemble mode playback operation of the automatic 

mission means. 55 music player system embodying the present invention, 

In accordance with still another important aspect of wherein the letters A, B and C each enclosed within a 

the present invention, an automatic music player system circle indicate connectors through which flows of the 

thus basically constructed and arranged further com- program are to jump; 

prises (c-5) delay means for delaying the transmission of FIG. 6 is a block diagram showing the details of the 
data through the second data transmission means by a 60 procedures to be performed in some of the steps in- 
predetermined period of time from the transmission of eluded in the flowchart of FIG. 5A to take advantage of 
data through the first data transmission means. the principal features achievable by the present inven- 

The above mentioned delay means is preferably so tion; and 
conditioned as to continuously delay the transmission of FIG. 7 is a flowchart showing the delaying subrou- 

data through the second data transmission means by a 65 tine program which governs the operation of the delay 

period of time of the order of 500 msec from the trans- buffer circuit which feature the control functions of the 

mission of data through the first data transmission control unit in the embodiment of an automatic music 

means - player system according to the present invention. 
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TtJ _ T _ KT __________ through a bidirectional bus 26 as shown. The interfaces 

DESCRIPTION OF THE REFERRED provided by the input/output interface control module 

EMBODIMENT 22 between the pian0 10 an d control unit 14 include an 

Referring to FIG. 1 of the drawings, an automatic interface required for the musical data signals to be 
music player system embodying the present invention 5 produced by the sensor assemblies 20 and 20' of the 
generally comprises a mechanical sound generator piano 10 and transmitted from the input/output inter- 
herein implemented by an automatic player piano 10, an face control module 22 to the control unit 14 during 
electronic sound generator herein implemented by a recording mode of operation. The interfaces between 
keyboard console 12, and a control unit 14 which is the piano 10 and control unit 14 further include an inter- 
herein assumed to be incorporated in the automatic 10 face required for the coded musical data signals to be 
player piano 10. produced by the control unit 14 and supplied from the 

Similarly to ordinary mechanical pianos, the auto- control unit 14 to the input/output interface control 
raatic player piano 10 includes a keyboard 16 consisting module 22. 

of a number of key elements operatively connected to a Thus, in the player system embodying the present 
key action mechanism incorporated in the piano 10. The 15 invention, the combination of the keyboard 16, key 
key action mechanism includes a plurality of key action action and control pedal mechanisms, string arrange- 
units respectively associated with the individual key ment, solenoid-operated drive assemblies, sensor assem- 
elements of the keyboard 16. Such a key action mecha- blies and input/output interface control module 22 pro- 
nism is further associated with the string arrangement of vides first sound generator means operative to mechani- 
the piano 10, together with a control pedal mechanism 20 cally generate sounds when mechanically or electrically 
which includes a plurality of control units respectively actuated. On the other hand, the keyboard console 12 
associated with the control pedals of the piano 10. operatively connected to the control unit 14 together 
These mechanical components of the piano 10 may be with such mechanical sound generator means provides 
per se similar to those of an ordinary mechanical piano second sound generator means which is operative to 
and, as such, no further description will be herein incor- 25 electronically generate sounds when electronically ac- 
porated. ' tuated. If desired, the player piano 10 which thus forms 

In the case of the automatic player piano 10 of the part of the embodiment of the player system herein 
system embodying the present invention, there are fur- shown may be substituted by any other form of mechan- 
ther incorporated solenoid-operated drive assemblies 18 ical sound generator means insofar as the sound genera- 
and 18' each including a plurality of drive elements, 30 tor includes any equivalents of the keyboard 16, sole- 
sensor assemblies 20 and 20' each including a plurality noid-operated drive assemblies 18 and 18', sensor assem- 
of sensor elements, and an input/output interface con- blies 20 and 20' and input/output interface control mod- 
trol module 22. The drive elements of one solenoid- ule 22. 

operated drive assembly 18 are respectively associated The built-in control unit 14 has a front control panel 
with the individual units of the key action mechanism 35 exposed through an aperture formed in a front upper 
and are operative to selectively drive these units of the panel 28 forming part of the frame structure of the piano 
key action mechanism when electrically actuated. Like- 10 so as to allow the operator to have easy access to the 
wise, the drive elements of the other solenoid-operated . control unit 14. The control unit 14 thus incorporated in 
drive assembly 18' are respectively associated with ,the\;;.. : ; the player piano 10 has a MIDI output terminal (not 
individual units of the control pedal mechanism and arev;40 shown) electrically connected via the bidirectional bus 
operative to selectively drive these units of the pedal ;: 26 to the MIDI input terminal of the keyboard console 
mechanism also when electrically actuated. The drivel ' 12. While the control unit 14 is herein assumed as being 
assemblies 18 and 18' are responsive to the coded musi- incorporated in the player piano 10 per se, this is simply 
cal data signals received from the control unit 14 during by way of example and it will be apparent that the 
playback mode of operation of the player system. On 45 control unit forming part of an automatic music player 
the other hand, the sensor elements of one sensor assem- system according to the present invention may be pro- 
bly 20 are respectively associated with the individual vided separately or externally of the piano insofar as the 
key elements of the keyboard 16 and are operative to control unit is operatively associated with the piano, 
produce electrical signals when mechanically actuated. Description will be hereinafter made with further 
Likewise, the sensor elements of the other sensor assem- 50 reference to FIGS. 2A and 2B in regard to the major 
bly 20' are respectively associated with the individual control functions of the control unit 14 of the player 
units of the control pedal mechanism and are operative system shown in FIG. 1. 

to produce electrical signals also when mechanically As shown in FIGS. 2A and 2B, the control unit 14 of 
actuated. The sensor assemblies 20 and 20' are thus the player system embodying the present invention 
responsive to the motions of the keyboard key elements 55 comprises a manually-operated power supply switch 32 
and control pedals to produce musical data signals rep- which when initially depressed by the operator makes 
resentative of the musical information keyed in one the the control unit 14 ready to operate. With the power 
keyboard 16 during recording mode of operation of the supply switch 32 depressed and turned on, a glow lamp 
player system. Such sensor assemblies may be of the indicator 34 provided on the front panel of the control 
electrical, photoelectrical, electromagnetic or electro- 60 unit 14 is energized and glows to indicate that an on-line 
mechanical type. The input/output interface control interface is established between the control unit 14 and 
module 22 provides interfaces between the player piano each of the piano 10 and keyboard console 12 and that 
10 and the control unit 14 and is electrically connected all the electric and electronic functional components of 
on one hand to the drive assemblies 18 and 18' and the system are ready to operate. The control unit 14 
sensor assemblies 20 and 20' and on the other hand to 65 further comprises a disk tray 36 having an elongated 
the control unit 14 through a bidirectional bus 24. The slot which is open through the front panel of the control 
control unit 14 in turn is connected to an MIDI input unit 14. A suitable write/read data storage medium 
terminal (not shown) of the keyboard console 12 which is typically a flexible or "floppy" memory disk 
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(hereinafter referred to simply as memory disk) is to be registered file names of the pieces of music recorded on 
loaded through this disk tray 36 into and out of disk the memory disk in use are displayed on the display 
drive module (not shown) incorporated in the control window 52 one after another in a forward or backward 
unit 14. The disk drive module of the control unit 14 order until the switch 50 or 52 is depressed once again, 
implements the data readout means which forms part of 5 The operator of the system is thus enabled to visually 
an automatic music player system according to the select the registered file name of the piece of music 
present invention. On the memory disk may be prelimi- which is desired to be played back. If, on the other 
narily recorded various coded musical and control data hand, the switch 50 or 52 is depressed during playback 
necessary for the reproduction of a piece or pieces of operation, the memory disk in use is driven at a fast 
music from the player system, viz., either from the 10 speed either forwardly or backwardly for fast-forward 
player piano 10 alone or concurrently from both the or fastreverse disk drive mode of operation. A stop 
player piano 10 and the keyboard console 12. A disk switch 54 is to be depressed to put an end to the record- 
eject switch 38 is provided so that the memory disk ing, playback, fast-forward disk drive or fast-reverse 
once loaded into the control unit 14 can be automati- disk drive mode of operation. 

cally withdrawn from the disk tray 36 with the switch 15 There are further provided first, second and third 
38 manually depressed by the operator. playback repeat switches 56, 58 and 60 which are pre- 
The control unit 14 further comprises a liquid-crystal dominant over different schedules of repeated playback 
display section 40 including a file name display window operation for one or more musical numbers. Any of 
42 and a prompt information display window 44 for these switches 56, 58 and 60 may be depressed with the 
displaying various kinds of information depending on 20 player system in a rest condition or conditioned in a 
the different operational phases of the player system. playback mode. The first playback repeat switch 56 is to 
The file name display window 42 is used for the display be used for the selection of a program repeat schedule 
of the registered file name assigned to the piece of music to play back all the musical numbers of the program on 
to be or being keyed in from the keyboard 16 of the the memory disk repeatedly. The playback repeat 
piano 10 and recorded on the memory disk in place or 25 schedule selected by this switch 56 remains effective 
the piece of music to be or being played back by the until the particular switch 56 is depressed for a second 
piano 10 per se and/or the keyboard console 12. The time. The second playback repeat switch 58 is to be 
information to be displayed on the prompt information used for the selection of a single-number repeat sched- 
display window 44 typically includes the name assigned ule to playback a single selected piece of music repeat- 
to the memory disk currently set in the control unit 14, 30 edly. The playback repeat schedule selected by this 
the title and composer's name of the piece to be played switch 58 remains effective also until the switch 58 is 
back, and various instructions, reports or notices, ques- depressed for a second time. The third playback repeat 
tions and answers to be notified to the operator such as switch 60 is to be used when it is desired that a specified 
the channel number of that part of an ensemble musical limited section of a single selected piece of music be 
number which is to be played back by the player piano 35 played back repeatedly. Such a playback repeat sched- 
10 per se. The information to be displayed on the dis- ule is cancelled when the switch 60 is depressed once 
play window 44 may further include the selected sound again. 

level for the recording or playback operation in The control unit 14 of the automatic music player 

progress, various variable parameters such as the time system embodying the present invention further com- 

which has lapsed subsequent to the start of the record- 40 prises a soundvolume control switch 62, a tempo select 

ing or playback operation currently in progress, and so switch 64 and a transposition enable switch 66, each of 

forth- which cooperates with associated decrementing and 

There is further provided a record enable switch 46 incrementing switches 68 and 70. The sound-volume 

which when depressed makes the player system ready control switch 62 is to be used to adjust the sound vol- 

to start for operation in recording mode. The record 45 ume of the music to be played back by means of the 

enable switch 46 is also associated with a glow lamp player piano 10 and, when the decrementing or incre- 

indicator which is to glow when the switch 46 is de- menting switch 68 or 70 is depressed after the control 

pressed and turned on. In association with the record switch 62 has been depressed, the sound volume which 

ready switch 46 is further provided a record/playback has been selected as desired or established as normal is 

start/pause switch 48 which when depressed enables 50 varied to decrease with the decrementing switch 68 

the player system to start for operation in recording or depressed or increase with the incrementing switch 70 

playback mode or to interrupt the recording or play- depressed. The tempo select switch 64 is to be used to 

back mode of operation which has once been started. stepwise vary the tempo of the music to be reproduced 

When the record/playback start/pause switch 48 is by each of the player piano 10 and the keyboard console 

depressed after the record enable switch 46 has been 55 12 and, when the decrementing or incrementing switch 

depressed, the player system is initiated into operation 68 or 70 is depressed after the tempo select switch 64 

in recording mode so that the sound information pro- has been depressed, the tempo which has been selected 

duced as a result of the operator's keying actions is as desired or established as normal is varied at pre- 

sequentially recorded on the memory disk set in the disk scribed pitches to decrease with the decrementing 

drive module of the control unit 14. On the other hand, 60 switch 68 depressed or increase with the incrementing 

file-select/fast-forward and file-select/fast-reverse switch 70 depressed. It may be herein noted that the 

drive switches 50 and 52 are provided to control the "normal" tempo of a piece of music included in the 

selection of the musical number or numbers to be played program on a memory disk is the tempo used during 

back or the fast-forward or fast-reverse disk drive mode recording of the particular number and is displayed on 

which may be selected during playback operation. 65 the display window 44 by a default rule when the tempo 

When one of these switches 50 and 52 is depressed with select switch 64 is depressed prior to or during playback 

the player system in a rest condition or ready to start for operation. With the switch 68 or 70 depressed after the 

recording operation with the switch 46 turned on, the switch 64 has been depressed, there are successively 
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displayed a series of numerals indicating the selectable number indicating that part of an ensemble musical 
tempos at the pitches of, for example, plus or minus number which is to be ordinarily played back by means 
10% from the zero per cent point which corresponds to of the player piano 10 per se is displayed by a default 
the "normal" tempo. On the other hand, the transposi- rule on the prompt information display window 44 of 
tion enable switch 66 is to be used to stepwise vary the 5 the control unit 14when the number is selected with the 
key of the music or the part of the music to be played file-select switch 50 or 52 depressed, 
back by means of the player piano 10 per se. When The ensemble part select switches 72 and 74 are used 
either the decrementing switch 68 or the incrementing for the selection of that part of an ensemble musical 
switch 70 is depressed after the switch 66 has been number which is to be played back by the player piano 
depressed, the key or tonality which has been selected 10 10 perse. When one of these part select switches 72 and 
as desired or established as normal for the music or the 74 is depressed after an ensemble musical number has 
part of the music to be played back by the player piano been selected from among the files of the memory disk 
10 is varied at prescribed pitches either in a descending with the file-select switch 50 or 52 depressed, the regis- 
order with the switch 68 depressed or in an ascending tered channel numbers of the individual parts of the 
order with the switch 70 depressed. It may be noted that 15 selected ensemble musical number are displayed one 
the "normal" key of a piece of music is also determined after another on the prompt information display win- 
during recording of the particular musical number and dow 44 in a forward or backward order. One part select 
is displayed on the display window 44 by a default rule switch 72 is used to decrement the channel number and 
when the transposition enable switch 66 is depressed the other part select switch 74 used to increment the 
prior to or during playback operation. With the switch 20 channel number on display, enabling the operator to 
68 or 70 depressed after the switch 66 has been de- select the registered channel number of that part of the 
pressed, there are successively displayed the selectable selected ensemble musical number which is to be played 
numbers by which the key of the piece to be played back by means of the player piano 10 per se. While it is 
back by the piano 10 can be incremented or decre- herein assumed by way of example that an ensemble 
mented from the "normaT key. Each of the swtiches 25 musical number is composed of two combined parts one 
62, 64 and 66 is effective when depressed during play. of which is to be played back by the player piano 10 and 
back operation, under playback "pause" condition or the other by the keyboard console 12, an ensemble 
when the player system is at rest. musical number with three or more combined parts may 

There are further provided a pair of ensemble part be played back by an automatic music player system 
select switches 72 and 74 which may be used for the 30 according to the present invention. Where such an en- 
combined or united reproduction of the two or more semble musical number with more than two combined 
parts of a piece of part music or, as herein referred to, an parts is to be played back, one or more keyboard units 
ensemble musical number. The data for an ensemble or other forms of electronic musical instruments or 
musical number are written in coded form into a mem- sound generators will be required in addition to the 
ory disk by means of, for example, an MIDI sound 35 single keyboard console 12 provided in the player sys- 
recorder or a frequency-modulation (FM) sound syn- tem shown in FIG. 1. As well known in the art, an 
thesizer compatible with the control unit 14. An ensem- electronic audio system designed and engineered to 
ble musical number thus recorded on a memory disk is , . comply with the MIDI standards ordinarily has a total 
registered as such within the memory disk and can beV: ^ of . sixteen data transmission channels available. Thus, 
reproduced also as such from the memory disk. The J 46 ; the player piano or any other type of mechanical sound 
separate parts of an ensemble musical number as repre-.^ generator forming part of an automatic music player 
sented by coded musical data are respectively repre-- ' v system according to the present invention may be used 
sented by separate data subblocks which are identified . . in combination with a maximum of fifteen electronic 
by different data transmission channel numbers respec- -> musical instruments or sound generators for the repro- 
tively assigned, to the two subblocks or parts and regis-. 45 duction of an ensemble musical number composed of a 
tered within the memory disk. These two or more sub- maximum of sixteen parts. 

blocks of the coded musical data are loaded one after 1 ■ The control unit 14 of an automatic music player 
another into the data storage area of a single, common system embodying the present invention further corn- 
file of the memory disk and are to be read to concur- prises a metronome enable switch 76 and an MIDI 
rently from the memory disk file during playback of the 50 interface enable switch 78. The metronome enable 
ensemble musical number. During playback operation switch 76 is to be used to perform metronome functions 
with a dual-part or "duet" musical number, the two data with the desired tempo or the desired number of beats 
subblocks of the coded musical data are discriminated selected with the tempo select switch 64 and one of the 
from each other on the basis, of the data transmission associated decrementing and incrementing switches 68 
channel numbers assigned to the subblocks. The coded 55 and 70 depressed. On the other hand, the MIDI inter- 
musical data contained in one of the two data subblocks face enable switch 78 is to be used to establish an inter- 
thus discriminated from each other may be transferred face between the control unit 14 and any MIDI musical 
to and reproduced from the player piano 10 peru se instrument or sound generator which is herein repre- 
through a selected data transmission channel The data sented by the keyboard console 12 as provided in the 
contained in the other data subblock may be transferred 60 player system shown in FIG; 1. 
to and reproduced from the keyboard console 12 FIG. 3 schematically shows an example of a corn- 
through another selected data transmission channel. puter hardware structure operable for executing the. 
The data transmission channel through which the algorithm of these control functions achievable by the 
coded musical data for the part to be played back by the control unit 14. As shown, the hardware structure, 
keyboard console 12 is to be transmitted is selected 65 designated in its entirety by numeral 80, corresponds in 
depending on the data transmission channel number effect to the control unit 14 and comprises a central 
(hereinafter referred to simply as channel number) as- processing unit 82 (CPU), a read-only memory 84 
signed to the particular subblock or part. The channel (ROM), a set of working registers 86, a direct memory 
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access (DMA) controller 88 and an MIDI input/output of the memory disk set in the disk drive module 94 
control circuit 90, all of which are bidirectionally com- without interrupting the central processing unit 82 
bined together through a common bus 92. Such musical information is produced by the sensor 

During operation of this hardware structure, the assemblies associated with the keyboard 16 and kev 
central processing unit 82 accesses the read-only mem- 5 action mechanism of the player piano 10 as the operator 
ory 84 by way of the common bus 92 so as to read the keys in on the keyboard 16 of the piano 10. During 
programs stored in the memory 84 and successively playback mode of operation of the system, on the othef 
executes the .nstructions thus fetched from the memory ^ ^ direct me £ 0Ty access Mnt S^M e£u£te 
84 The programs stored m the read-only memory 84 a channel ^ough which the musical data read out from 
nclude an operating system program which governs 10 the memory ^ m Ae disk drfve mod J e 94°^,^ 
the operation of the player system as a whole, a system transraitted X t0 the pian0 10 and ° 12 

initializing program, and a main routine Droeram which * ««u *cyouara console it 

dictates thebasic mode of SJE of STSSrtS xh ^ ^ ° M f r ° CeSSing unit 82 ' 

14 as shown in the flowchart of FIG 4 ^ taStdto J^S^S^^ ^ u 
the memory 84 are the subroutine programs to be pre! 15 ^J^?"?* desi S nated b ? the "ame 

dominant over the playback operation in solo and en- Z™??™ T of J* e 1 vwka !« re ^ tere * ™ d in- 
semble modes of the player system as shown in FIGS. f0rmed fr0m the partl ,? U la f r fS lster 86 to the direct 
5A and 5B and the delaying subroutine programs which ^^J^S^^J^ "f™ ° f the ^ M 
feature the player system proposed by thf present in- f™^™ 1 * 2 - The coded signals representative of 
vention as will also be described later. 20 t mU u the memorv disk are P^sed 

On the other hand, the working registers 86 are oper- thr °H gh < he ^ IDI in P"t/output control circuit 90 on 
ative to memorize data codes representative of the vari- * ? ne h * nd t0 the in P ut/out Put interface control module 
ous data codes input from the control unit 14 during or (n °* shown ) provided m the player piano 10 and on the 
prior to various stages or modes of operation of the 0 hand to the MIDI in P ut terminal of the keyboard 
player system. Typical ones of these data codes include: 25 console } 2 ( FIG - The input/output interface control 

a data code which indicates the file name of the se- moduI e incorporated in the player piano 10 decodes the 
lected piece of music, as input from the file-select/fast- coded ? usical data signals thus received through the 
forward or file-select/fast-reverse drive switch 50 or 52 M f DI m P ut /output control circuit 90 and produces 
of the control unit 14, driver signals to selectively actuate the solenoid- 

a data code which indicates the selected playback 30 °P erated drive assemblies associated with the key ac- 
repeat schedule, as input from any of the playback re- tion ^ control pedal- mechanisms of the player piano 
peat switches 56, 58 and 60 of the control unit 14, 10 * 

a data code which indicates the selected sound vol- Eac . n °f tne var ious switches and controls incorpo- 
ume of the music to be played back by the player piano ra . ted in ^ control unit 14 as hereinbefore described 
10, as input from the decrementing or incrementing 35 with reference to HGS. 2A and 2B is periodically mon- 
switch 68 or 70 under the control of the sound-volume itored or scanned by means of the central processing 
control switch 62 of the control unit 14, um 't 82 also through the common bus 92 as shown in 

a data code which indicates the tempo of the music to 3 * n which such switches and controls are colelc- 

be played back, as input from, the decrementing or in- tivel Y represented by block 96. When any one of these 
crementing switch 68 or 70 under the control of the 40 switches and controls 96 is manually acted upon, viz., 
tempo select switch 64 of the control unit 14, initially depressed, depressed after once depressed or 

a data code which indicates the selected key of the released by the operator and is thus turned on or off 
music to be played back by the player piano 10, as input during operation of the player system, the switch action 
from the decrementing or incrementing switch 68 or 70 ls responded to by the software incorporated in the 
under the control of the transposition enable switch 66, 45 central processing unit 82. The central processing unit 
and . 82 thus increments or decrements the program address 

a data code indicating that part of the selected ensem- in the instruction pointer of the unit 82 or transfers the 
ble musical number which is to be played back from the da ta code or codes representative of the result of the 
player piano 10 during ensemble-mode playback opera- particular switch action to any appropriate one or ones 
tion, as input from one of the part select switches 72 and 50 of the working registers 86. The data codes produced 
74 of the control unit 14, by the manipulative actions on the switches and con- 

The direct memory access controller 88 is operative trols 96 of the control unit 14 are periodically detected 
to establish a channel from the player piano 10 to the by the central processing unit 82 and, if determined to 
disk drive module 94 of the control unit 14 or from the be necessary, are transmitted through the common bus 
disk drive module 94 to each of the player piano 10 and 55 92 to a display controller 98 for visual display on the 
keyboard console 12 through the MIDI input/output liquid-crystal display section 40 of the control unit 14 
control circuit 90. the direct memory access controller (FIGS. 2A and 2B). 

88 is initiated into action under the control of the built- FIG. 4 shows the flowchart of a main routine pro- 
m operating system of the central processing unit 82 so gram 100 effective to execute the general algorithm of 
as to directly access the memory disk in the disk drive 60 the control scheme to be implemented by means of the 
module 94 during recording or playback mode of opera- computer hardware structure 80 incorporated in the 
tion i of the system. During recording mode of operation control unit 14 of the player system embodying the 
of the player system, the direct memory access control- present invention. Description will now be made re- 
Ier 88 establishes a direct memory access channel lead- garding some modes of operation of the player system 
tng from the player piano 10 to the disk drive module 65 with further reference to the flowchart of FIG. 4. In the 
94. By way of this direct memory access channel, the description to follow, the computer hardware structure 
musical information originating in the player piano 10 is 80 as thus far described will be hereinafter referred to as 
written into the data storage area of a newly entered file computer system. 
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When the power supply switch 32 is depressed and With the switch 50 or 52 thus turned on, a certain 

turned on, the computer system 80 starts operation and piece of music is selected from among the files of the 

first executes a system initializing program as by step PI memory disk in the disk drive module 94 in accordance 

to set all the variable information in the computer sys- with a file select subroutine Rl in the flowchart of FIG. 

tern 80 to the starting values. The computer system 80 5 5A. The File name (in number) and title of the selected 

then checks into the disk drive module 94 in the control piece of music are now displayed respectively on the 

unit 14 to see if a memory disk has been loaded into the file name display window 42 and prompt information 

drive module 94 as by decision step P2. If there is no display window 44 of the liquid-crystal display section 

memory disk found set in the disk drive module 94. the 40. By this file select subroutine Rl, furthermore, the 

module 94 is monitored repeatedly until it is finally 10 data code indicating the file name which may have been 

detected that there is a memory disk inserted mto the memorized in one of the working registers 86 (FIG. 3) 

disk drive module 94. It being now found that there is a ^ updated to rep resent the file name of the currently 

memory disk set in the disk drive module 94, the com- selected piece of music 

puter system 80 proceeds to process step P3 to perform By pre f e rence of the operator, the key for the part of 

some disk processing procedures such as the formatting 15 the music to be rep roduced by the player piano 10 per 

of the disk m plate if it is determined that such a proce- se may then be changed with w of the t^^^ 

n f^f t ? ted for * e dlslL . , enable switch 66 and the associated switch 68 or 70 of 

When the disk processing procedures are complete so ^ Goata6k unit 14 10 execute a transposition subroutine 

that the memory disk m place is ready to be effectively R2 m th e flowchart of FIG. 5A. The data code of the 

accessed, ^e comput^ system 80 sequentially monitors 20 k which haye been memorized in one of the 

or "scans" the individual switches and controls 96 on , ' MrM ^™ o< „i M „ . . A ^ , 

the control unit 14. It is thus questioned by step P4 ™ L *T Z I f ^ - f * ^ 

whether or not the file-select/fast-forward drive switch "^ft ke ? for * he ^ ° f * e ™ to f be 

50 or file-select/fast-reverse drive switch 52 is turned ?' ayed ba< * by * e p ?? 0 J* **** for 

on. If it is determined that one of these switches 50 and 25 the m ™° " ^ iT* cfc^ 1 ^^ 

52 is turned on, the computer system 80 then proceeds one ° f the P^y back W switches 56, 58 and 60 may 

to a playback subroutine program 100* to enable the ^ depressed to execute a playback rep^t scheduling 

player system to perform playback operation in solo or subr °utoe R3 m the flowchart of FIG. 5A. All the 

ensemble mode. Details of the subroutine program 100* m ^ ™*en of the program on the memory disk 

for the ensemble-mode playback operation in particular 30 W|U be P^fd back repeatedly with the first playback 

are depicted in FIGS. 5A and 5B and will be described re P eat switch 56 de Pr essed or a single selected piece of 

la ter music will be played back repeatedly with the second 

If it is found in the decision step P4 that none of the playback repeat switch 58 depressed. Alternatively, the 

switches 50 and 52 is turned on, the computer system 80 ***** playback repeat switch 60 may be used for the 

then proceeds to another decision step P5 to test 35 repeated playback of a particular limited section of a 

whether or not the record enable switch 46 in turned s{n & Q selected piece of music. The data code indicating 

on. If it is determined that the record enable switch 46 the playback repeat schedule which may have been 

is turned on, the computer system 80 now proceeds to a memorized in any or ones of the working registers 86 is 

recording subroutine program 100& In this case, the also updated to represent the currently selected sched- 

direct memory access controller 88 accesses the disk 40 u * e - 

drive module 94 and enables the central processing unit The. sound-volume control switch 62 may then be 
82 to write coded musical data into the memory disk in depressed to execute a sound-volume select subroutine 
place as the operator keys in on the keyboard 16 of the R4 m the flowchart of FIG. 5A if it is desired to adjust 
piano 10. If it is determined in the decision step P5 that the sound volume of the music to be reproduced by the 
the record enable switch 46 still remains turned off, the 45 player piano 10. The sound volume which may be pro- 
computer system 80 for a second time monitors the disk duced from the player piano 10 is thus stepwise varied 
drive module 94 to see if the memory disk which has with the decrementing or incrementing switch 68 or 70 
once been confirmed to be set in the drive module 94 is kept depressed. The data code indicating the sound 
still in place, as by another decision step P6. If this is the volume which may have been memorized in one of the 
case, the computer system 80 reiterates the loop consist- 50 working registers 86 is also updated to represent the 
ing of the decision steps P4, P5 and P6 until it is finally sound volume thus selected for the part of the music to 
found that either one of the file-select/fast-forward and be played back by the piano 10. Furthermore, the tempo 
file-select/fast-reverse drive switches 50 and 52 or the of the music to be reproduced by each of the player 
record enable switch 46 is turned on. If it is detected in piano 10 and the keyboard console 12 may be adjusted 
the decision step P6 that the memory disk which had 55 with use of the tempo select switch 64 and one of the 
once been set into the disk drive module 94 has been decrementing and incrementing switches 68 and 70 to 
removed from the drive module 94 and is absent in the execute a tempo select subroutine R5 in the flowchart of 
module 94, the computer system 80 returns to the initial FIG. 5A. The data code indicating the tempo which 
decision step P2 to check into the disk drive module 94 may have been memorized in one of the working regis- 
to see if another memory disk has been loaded or the 60 ters 86 is also updated to represent the currently se- 
memory disk which had once been removed has been lected tempo for the part of the music to be played back 
returned into the disk drive module 94. by the piano 10. For the switch or switches not acted 
When it is determined in the decision step P4 that upon after the musical number to be played back has 
either the file-select/fast-forward control switch 50 or been selected, the normal operation parameter estab- 
the file-select/fast-reverse control switch 52 of the con- 65 lished for the switch or each of the switches will be set 
trol unit 14 is turned on, the computer system 80 pro- automatically by a default rule which is in effect with 
ceeds to the playback subroutine program 100a as the system initializing program executed by the step PI 
above discussed. of the main routine program 100 (FIG. 4). 



04/26/2004, EAST Version: 1.4.1 



,5 

The computer system 80 then detects as by decision 
step Pll whether or not the selected piece of music is 
registered as an ensemble musical number. When the 
answer in the step Pll is in the negative, then the com- 
puter system 10 proceeds to an ordinary or non-ensem- 5 
ble-mode playback subroutine 100c also incorporated in 
the computer system 80. The ordinary or non-ensemble- 
mode of playback operation is typically a solomode of 
playback operation which may be performed by either 
the player piano 10 per se or the keyboard console 12 10 
alone. If it is determined in the step Pll that the piece of 
music selected is registered as an ensemble musical 
number, the computer system 80 then proceeds to an- 
other decision step P12 to detect whether or not the 
stop switch 54 is turned on. If it is found that the stop 15 
switch 54 remains turned off, the computer system 80 
performs the step P12 repeatedly until it is finally deter- 
mined that the stop switch 54 is depressed and turned 
on. It being now found that the stop switch 54 is turned 
on, the computer system 80 proceeds to process step 20 
P13 so as to display on the prompt information display 
window 44 the registered channel number indicating 
that part of the selected ensemble musical number 
which is to be played back by means of the player piano 
10 per se. Subsequently, the computer system 80 con- 25 
firms whether or not the ensemble part select switch 72 
or 74 is turned on. If it is desired by the operator to 
change the part of the ensemble musical number to be 
played back by means of the piano 10, he may depress 
or may have depressed one of the ensemble part select 30 
switches 72 and 74 to effect such a change. If this is the 
case, the computer system 80 then proceeds to process 
step P15 to make an alteration of the part of the ensem- 
ble musical number which is to be played back by the 
player piano 10. The result of the alteration is also dis- 35 
played on the prompt information display window 44 
by the step P15 and the coded musical data relating to 
the newly selected part of the ensemble mucical piece is 
loaded into an appropriate one of the working registers * 
86 (FIG. 3) of the computer system 80. 40 

If it is determined in the decision step P14 that none 
of the ensemble part select switches 72 and 74 is turned 
on or upon completion of the procedures by the process 
step P15, the computer system 80 proceeds to decision 
step P16 to detect whether or not the record/playback 45 
start/pause switch 48 is turned on. If the answer in the 
step P16 is in the negative, then the computer system 80 
recycles either the loop consisting of the steps P14, PIS 
and P16 or the loop consisting of the steps P14 and P16 
until it is finally found that the start/pause switch 48 is 50 
depressed and turned on. Now that the start/pause 
switch 48 is found turned on and the answer in the 
decision step P16 is turned affirmative, the computer 
system 80 goes to process step P17 so that the coded 
musical data for the respective parts of the selected 55 
ensemble musical number are read from the correspond- 
ing file in the memory disk. The step P17 is followed by 
process step P18 by means of which the musical data 
thus read from the memory disk is processed so that the 
tempo of the music to be played back is in accord with 60 
the tempo selected by the tempo select subroutine R5 
unless the selected tempo conforms to the normal 
tempo established by a default rule. The computer 
sytem 80 then shifts to decision step P19 to detect, for 
each of the channel numbers respectively assigned to 65 
the individual parts of the selected ensemble musical 
number, whether or not the channel number conforms 
to that assigned to the particular part of the musical 



281 

16 

piece to be played back by the player piano 10 per se. If 
the answer is given in the affirmative in respect of one 
part of the musical number, the coded musical data 
representative of the particular part of the musical num- 
ber is transferred through the MIDI input/output con- 
trol circuit 90 (FIG. 3) to the input/output interface 
control module in the player piano 10 and is thereby 
decoded into driver signals as by step P20. The driver 
signals produced by the input/output interface control 
module in the player piano 10 are supplied to the sole- 
noid-operated drive assemblies for the key action and 
control pedal mechanisms of the piano 10. The sole- 
noid-operated drive assemblies in the piano 10 are thus 
selectively actuated to drive the key action and control 
pedal mechanisms of the player piano 10 so that the 
piano 10 starts to reproduce that part of the ensemble 
musical number which is allocated to the piano 10 per 
se. The answer for the other part of the musical piece in 
question being in the negative, the coded musical data 
representative of the particular part is transferred by 
way of the MIDI input/output control circuit 90 of the 
computer system 80 to the MIDI input terminal of the 
keyboard console 12 as by step P21. The coded musical 
data transferred to the keyboard console 12 are decoded 
so that the keyboard console 12 also starts to reproduce 
that part of the ensemble musical number which is allo- 
cated to the keyboard console 12. Both the player piano 
10 and the keyboard console 12 now start ensemble- 
mode playback operation in concert with each other. It 
may be herein noted that the transmission of the data to 
the keyboard console 12 in particular is effected with a 
certain delay from the transmission of the data to the 
player piano 10 as will be described in more detail. 

The ensemble-mode playback operation being thus 
started subsequently to the parallel steps P20 and P21 as 
above described, the computer system 80 starts to se- 
quentially monitor or scan the individual switches and 
controls 96 on the control unit 14 so as to detect as by 
step P22 whether or not the record/playback start- 
/pause switch 48 has been depressed and is turned on 
for a second time. If it is thus determined by step P22 
that the start/pause switch 48 is turned on, the central 
processing unit 82 of the computer system 80 sends out 
to the disk drive module 94 an instruction to interrupt 
the readout of the data from the memory disk in place as 
by step P23. The computer system 80 thereafter pro- 
ceeds to decision step P24 to further detect whether or 
not the start/pause switch 48 has been depressed after 
the playback operation was stopped by the step P23. If 
the answer in the step P24 is in the affirmative, the 
computer system 80 jumps back to the previous step 
P17 to re-start the reading of the data from the memory 
disk in use to proceed with the playback operation for 
the currently selected ensemble musical number. If the 
answer in the step P24 is in the negative, then the com- 
puter system 80 returns through the connectors B to the 
initial file select subroutine Rl shown in the flowchart 
of FIG. 5A to repeat the subroutines Rl to R4 and steps 
Pll to P16, as required, until it is finally determined in 
the step P16 that the start/pause switch 48 is depressed 
and turned on. Readout of the data for the same ensem- 
ble musical number or a newly selected ensemble musi- 
cal number may then be re-started if and when the start- 
/pause switch 48 is found to be turned on in the decision 
step P16. 

In case the answer in the decision step P22 is given in 
the negative, the computer system 80 scans the switches 
and controls 96 on the control unit 14 while allowing 
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the disk drive module 94 to continue the reading of the the soundvolurae control switch 62 is found turned off 
data from the memory disk in place. In this case, the in the decision step P33, it is then detected by decision 
computer system 80 jumps through the connectors A step P35 whether or not the stop switch 54 is turned on. 
over to decision step P25 shown in the flowchart of If it is found that the stop switch 54 remains turned off, 
FIG. SB to determine if one of the file-select/fast-for- 5 the computer system 80 proceeds to another decision 
ward and file-select/fast-reverse drive switches 50 and step P36 to determine whether or not the readout of the 
52 is turned on. If it is found in this decision step P25 data from the memory disk in use has been terminated, 
that either the switch 50 or the switch 52 is turned on, If the answer in the decision step P36 is in the negative, 
the memory disk in used in the disk drive module 94 is the computer system 80 jumps through the connectors 
driven at a fast speed either forwardly or backwardly as 10 C back to the step P17 in the flowchart of FIG. 5A to 
by step P26 with the playback mode of operation main- continue the reading of the data from the memory disk 
tained in progress. The fast-forward or fasat-reverse so as to proceed with the playback operation. If either 
disk drive operation thus started in terminated with the the answer in the decision step P34 of the answer in the 
switch 50 or 52 depressed once again. The computer decision step P36 is given in the affirmative, then the 
system 80 may then return to the preceding decision 15 computer system 80 recycles to the main routine pro- 
step P25 to further send an instruction or instructions to gram 100 shown in FIG. 4. 

the disk drive module 94 to repeat the fast-forward or As will have been understood from the above de- 
fast-reverse disk drive operation if and as requested by scription, one of the salient features of an automatic 
the operator. If and when both of the switches 50 and 52 music player system according to the present invention 
are found turned off in the decision step P25, then the 20 is that the key and sound volume which may have once 
computer system 80 shifts to another decision step P27 been selected of the music or the part of the music to be 
to question whether or not the tempo select switch 64 is or being played back by the player piano 10 and the 
turned on. If the tempo select switch 64 is found turned playback repeat schedule which has once been selected 
on, the tempo of the music being reproduced by the for a piece or pieces of music can be altered not only 
player piano 10 is changed by step P28 through execu- 25 prior to the start of playback operation but while the 
tion of the tempo select subroutine R5 shown in the playback operation is currently in progress, 
flowchart of FIG. 5A. Upon completion of the adjust- FIG. 6 shows the details of the procedures to be 
ment of the tempo by the step P28, the computer system performed in the steps P19, P20 and P21 in the flow- 
80 returns to the preceding decision step P27 to further chart of FIG. 5A. 

adjust the tempo if and as requested by the operator. If 30 Prior to the actual start of playback operation in an 
and when the tempo select switch 64 is found turned off ensemble mode, the coded musical data for the individ- 
in the decision step P27, it is then detected by decision ual parts of the selected ensemble musical number are 
step P29 whether or not the transposition enable switch read from the corresponding file in the memory disk as 
66 is turned on. If the transposition enable switch 66 is by the process step P17 in the flowchart of FIG. 5A. 
found turned on in this decision step P29, the key for the 35 The tempo represented by a data code contained in the 
music being played back by means of the player piano coded musical data read from the memory disk may be 
10 may be changed as by step P30 through execution of re-adjusted in accordance with the data code stored in 
the transposition subroutine R2 shown in the flowchart one of the working registers 86 which memorizes the 
of FIG. 5A. After the desired key has thus been selected tempo selected by the tempo select subroutine R5 in the 
by the step P30 for the music being played back by the 40 flowchart of FIG. 5A. Thus, unless the selected tempo 
piano 10, the computer system 80 recycles the loop ;.; ■ memorized by the working register 86 conforms to the 
consisting of the steps P29 and P30 until it is fmaily;; ; normal tempo signatured by the data read from the 
determined in the step P29 that the transposition. enable ^ , memory disk, the data read out from the memory disk is 
switch 66 is turned ofT. •: . ; f : modified by the process step P18 so that the tempo of 
If and when the transposition enable switch 66 is thus. 45 the' music to be played back is in accord with the tempo 
found turned off, the computer system 80 shifts to deci- selected by the tempo select subroutine R5. 
sion step P31 to determine whether or not any one of . In the subsequent decision step P19, each of the data 
the playback repeat switches 56, 58 and 60 is turned on. codes indicating the channel numbers assigned to the 
If this is the case, the playback repeat scheduling sub- individual parts of the ensemble musical number is corn- 
routine R3 shown in the flowchart of FIG. 5A is exe- 50 pared with the data code stored in one of the working 
cuted as by step P32 to select the played back repeat registers 86 which memorizes the data code for the 
function dictated by the playback repeat switch 56, 58 . channel number assigned to that part of the music 
or 60 which is found turned on. The playback repeat which is to be played back from the player piano 10. 
schedule thus selected may be altered by recycling the The data subblocks which represent the two (or more) 
loop consisting of the steps P31 and P32. When it is 55 parts, respectively, of the selected ensemble musical 
found in the step P31 that none of the switches 56, 58 number are thus discriminated one from the other by 
and 60 is turned on, the computer system 80 then shifts the part discriminating means implemented by the deci- 
to decision step P33 to determine whether or not the sion step P19. From the two subblocks of the data codes 
sound-volume control switch 62 is turned on. If the of the currently selected ensemble musical number is 
sound-volume control switch 62 is found turned on in 60 thus extracted or separated the subblock including the 
this decision step P33, the sound volume o£<the music data code which conforms to that representative of the 
being played back by the player piano 10 may be varied particular part of the music to be played back by the 
by step P34 through execution of the volume select . player piano. 10 per se. This extraction or separation 
subroutine R4 shown in the flowchart of FIG. 5Al procedure is represented by step P20-1 in the flowchart 
Upon completion of the re-adjustment of the sound 65 shown in FIG. 6, wherein the memory disk assumed to 
volume by the step P34, the computer system 80 returns be set in the disk drive module 94 is shown at 102. The 
to the preceding decision step P33 to further adjust the coded musical data containing the data code thus ex- 
sound volume if and as requested by the operator. When tracted by the step P19-1 is then modified in subsequent 
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steps P20-2 and P20-3 so that the data codes respec- the length of the piece of music to be played back by the 
tively representative of the key and sound volume are in player piano 10 or first sound generator means and the 
afford with those which are represented by the working keyboard console 12 or second sound generator means 
registers 86 which memorize tie key and sound volume of an automatic music player system according to the 
selected by the subroutines R2 and R4, respectively, in 5 present invention. 

the flowchart of FIG. 5A. The coded musical data thus The delayed transmission of the data signals to the 
processed in the successive steps P20-1, P20-2 and P20-3 keyboard console 12 enables the keyboard console to 
is transferred through the bidirectional bus 24 as by the electronically produce sounds in concert with the 
step P20 shown in FIG. 5A to the input/output inter- player piano 10 which produces sounds in a mechanical 
face control module 22 provided in the player piano 10. 10 fashion. The delay time of the order of 500 msec is 
Thus, the step P20 in the flowchart shown in FIG. 5A appropriate for enabling the key action and control 
implements bidirectional first data transmission means pedal mechanisms of the player piano 10 to mechani- 
providing data communication between the piano 10 or caily produce sounds substantially in concert with the 
first sound generator means 10 and the control means keyboard console 12 which electrically produces 
implemented by the control unit 14 in an automatic 15 sounds in response to the data signal supplied through 
music player system according to the present invention. the delay buffer register 104. The delay buffer memory 
The coded musical data transferred to the player piano 104 to effect such delayed transmission of data signals to 
10 in this manner is decoded into driver signals by the keyboard console 12 is implemented advanta- 
means of the input/output interface control module 22, geously by a delaying subroutine program incorporated 
whereupon the resultant driver signals are supplied to 20 into the read-only memory 84 forming part of the com- 
the individual solenoid-operated drive assemblies 18 puter system 80 shown in FIG. 3. To enable the player 
and 18' which are provided in association with the key piano 10 to perform playback operation in better con- 
action and control pedal mechanisms (not shown) of the cert with the keyboard console 12, the durations of the 
player piano 10. The solenoid-operated drive assemblies driver signals to be produced by the input/output inter- 
18 and 18' are selectively actuated by these driver sig- 25 face control module 22 of the piano 10 may be con- 
nals and drive the key action and control pedal mecha- trolled in relation to the delay time set on the delay 
nisms of the player piano 10, enabling the piano 10 to buffer register 104. 

start playback of that part of the ensemble musical num- FIG. 7 shows a flowchart of the delaying subroutine 
ber which is allocated to the piano 10 per se. program governing the delayed transmission of the data 

On the other hand, the coded musical data containing 30 signals to the keyboard console 12. Such a delaying 
the data code representative of the other part of the subroutine may follow the step P17 or step P18 of the 
ensemble musical number is transferred to the keyboard subroutine program depicted in FIG. 5A and is incorpo- 
console 12 through the MIDI input/output control rated in the read-only memory 84 of the computer sys- 
circuit 90 of the systme 80 shown in FIG. 3 by the step tern 80 shown in FIG. 3. The central processing unit 82 
P21 of the flowchart of FIG. 5 A. From the MIDI input- 35 of the computer system 80 has capabilities of executing 
/output control circuit 90 of the system 80, the coded "no-op", viz., no-operation instructions. The machine 
musical data is passed to the MIDI input terminal of the cycle required for the central processing unit 82 to 
keyboard console 12 via the bidirectional bus 26 shown execute each of such instructions is known so that a 
in FIG. 1. Thus, the step P21 in the flowchart of FIG. predetermined number of no-op instructions corre- 
5A implements bidirectional second data transmission 40 sponds to a given period of time. Thus, no-op instruc- 
means allowing data communication between the key- tions of a number appropriate for providing the delay 
board console 12 or second sound generator means and time of, for. example, 500 msec to be set on the delay 
the control means implemented by the control unit 14 in buffer register 104 are stored in that section of the read- 
an automatic music player system according to the only memory 84 which contains the maximum count 
present invention. The firs and second data transmission 45 available of the instruction counter. In the central pro- 
means thus provided in an automatic music player sys- cessing unit 82 of the system 80 is provided an overflow 
tern according to the present invention are subsequent register (not shown) in which is set a predetermined 
to musical part of data subblock discriminating means number (N) of times of overflow occurring in the in- 
for discriminating one of the two or more data sub- struction counter. 

blocks from another of the subblocks which represent 50 Now, the delaying subroutine starts with initial ar- 
the individual parts, respectively, of the piece of music rival of coded musical data at the delay buffer register 
to be played back by the player piano 10 or first sound 104 from the MIDI input/output control circuit 90 of 
generator means and the keyboard console 12 or second the system 80 shown in FIG. 3. This produces an inter- 
sound generator means of an automatic music player rupt into the central processing unit 82, which thus 
system according to the present invention. 55 determines that there is an interrupt as by decision step 

In the automatic music player system embodying the P37 and allows the data to enter the buffer register 104 
present invention, the coded musical data to be trans- as by step P38. The central processing unit 82 then 
mitted to the MIDI input terminal of the keyboard proceeds to process step P39 to send the starting ad- 
console 12 via the second data transmission means is dress of the no-op instructions in the memory 82 to the 
passed to the MIDI input/output control circuit 90 60 instruction counter. The first no-op instruction is thus 
through a delay buffer register 104 and is transferred to fetched from the memory 84 and is executed by the 
the input terminal of the keyboard console 12 there- central processing unit 82 as by step P40 and, upon 
through with a predetermined delay time which is typi- completion of the execution of the no-op instruction, 
cally of the order of 500 msec. Thus, the delay buffer the count of the instruction counter is incremented by 
register 104 forms part of delay means for continuously 65 one as by step P41. The central processing unit 82 then 
delaying the transmission of data through the second detects whether or not there currently is an overflow 
data transmission means from the transmission of data occurring in the instruction counter as by decision step 
through the first data transmission means throughout P42. It being assumed that there being no overflow in 
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the instruction counter at this stage, the answer in the 
decision step P42 is given in the negative so that the 
central processing unit 82 returns to the step P40 to 
execute the second no-op instruction, with the result 
that the count of the instruction counter is further incre- 5 
mented by one as by the subsequent step P41. The count 
of the instruction counter is in this fashion incremented 
one by one by reiteration of the loop consisting of the 
steps P40, P41 and P42 until it is finally determined in 
the decision step P42 that there is an overflow occur- 10 
ring in the instruction counter. The answer in the deci- 
sion step P42 being now turned affirmative, the count 
(N) of the overflow register is decremented by one as 
by step P43. The central processing unit 82 then ques- 
tions whether or not the count thus decremented of the 15 
overflow register is zero as by decision step P44. If it is 
found in this step P44 that the current count of the 
overflow register is still not zero, then the central pro- 
cessing unit 82 recycles to the step P39 and sends the 
starting address of the no-op instructions to the instruc- 20 
tion counter for a second time. The loop consisting of 
the steps P39, P40, P41, P42, P43 and P44 is thus reiter- 
ated repeatedly until it is finally determined in the step 
P44 that the count of the overflow register has reached 
zero, meaning that the no-op instructions have been 25 
executed a predetermined number of times which corre- 
sponds to the desired delay time for the buffer register 
104. Now that there is no overflow occurring in the 
instruction counter, the coded musical data to be played 
back by the keyboard console 12 is released from the 30 
register 104 and is passed to the keyboard console 12. 
The coded musical data read from the memory disk 102 
is thereafter passed successively through the delay 
buffer register 104 to the keyboard console 12 con- 
stantly with a delay of, for example, 500. msec from the 35 
transmission of data to the player piano 10. 
What is claimed is: :-' v. ; - 

1. An automatic music player system having an en- 
semble playback mode of operation using a memory 
medium having recorded thereon a piece of music com- .40 : 
posed of at least two combined parts to be reproduced 
separately of each other, the parts being recorded in the - 
form of at least two data subblocks, comprising : 7 ' 

(a) first sound generator means to mechanically, gen- ' ' 
erate sounds when mechanically or electrically 45 
actuated, v.' : ='''* 

(b) at least one second sound generator means to 
electronically generate sounds when electronically 
actuated and 

(c) control means operatively connected to the first 50 
and second sound generator means, wherein said 
control means is operative so that 

(1) one of the two or more data subblocks of the data 
read from the memory medium is discriminated 
from another, whereupon the discriminated one of 55 
the data subblocks is transmitted to the first sound 
generator means and another data sunblock is 
transmitted to the second sound generator means, 
and 

(2) the transmission of data to the second sound gen- 60 
erator means is continuously delayed by a predeter- 
mined period of time from the transmission of data 

to the first sound generator so that the first and 
second sound generator means are enabled to pro- 
duce sounds concurrently and in concert with each 65 
other. 

2. An automatic music player system having a plural- 
ity of modes of operation including an ensemble play- 



back mode of operation using a data storage medium 
having recorded thereon performance data representa- 
tive of a piece of music composed of at least two com- 
bined parts to be reproduced separately of each other, 
the data being recorded on said memory medium in the 
form of at least two data subblocks consisting of a sub- 
block of data representative of one of said parts and a 
subblock of data representative of the other of said 
parts, comprising 

(a) first sound generator means operative to mechani- 
cally generate sounds when actuated; 

(b) at least one second sound generator means opera- 
tive to electronically generate sounds when actu- 
ated; and 

(c) control means operatively connected to said first 
sound generator means and said second sound gen- 
erator means, the control means comprising 
(c-1) data reading means operative to read data 

from said data storage medium, 
(c-2) discriminating means for discriminating one 
of said at least two data subblocks from another, 
(c-3) bidirectional first data transmission means 
providing data communication between said first 
sound generator means and said control means 
for transmitting the discriminated one of the data 
subblocks to said first sound generator means, 
said first sound generator means being to be 
actuated in response to the data transmitted 
through said first data transmission means, and 
(c-4) at least one bidirectional second data trans- 
mission means providing data communication 
between said second sound generator means and 
said control means for transmitting another data 
subblock to said second sound generator means, 
said second sound generator means being to be 
actuated in response to the data transmitted 
through said second data transmission means. 
3. An automatic music player system having a plural- 
ity of modes of operation including an ensemble play- 
back mode of operation using a data storage medium 
having recorded thereon performance data representa- 
tive of a piece of music composed of at least two com- 
bined parts to be reproduced separately of each other, 
the data being recorded on said memory medium in the 
form of at least two data subblocks consisting of a sub- 
block of data representative of one of said parts and a 
subblock of data representative of the other of said 
parts, comprising 

; (a) first sound generator means operative to mechani- 
/; : cally generate sounds when actuated; 
'■"(b) 'at least one second sound generator means opera- 
rive to electronically generate sounds when actu- 
ated; and 

(c) control means operatively connected to said first 
sound generator means and said second sound gen- 
erator means, the control means comprising 
(c-1) data reading means operative to read data 

from said data storage medium, 
(c-2) discriminating means for discriminating one 
of said at least two data subblocks from another, 
(c-3) bidirectional first data transmission means 
providing data communication between said first 
sound generator means and said control means 
for transmitting the discriminated one of the data 
subblocks to said first sound generator means, 
said first sound generator means being to be 
actuated in response to the data transmitted 
through said first data transmission means, 
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(c-4) at least one bidirectional second data trans- (a-5) electromagnetically operated drive assemblies 

mission means providing data communication associated with said key action mechanism and said 

between said second sound generator means and control pedal mechanism, respectively, and 

said control means for transmitting another data (a-6) interface control means operatively intervening 

subblock to said second sound generator means, 5 between said control means and said electromag- 

said second sound generator means being to be netically operated drive assemblies through said 

actuated in response to the data transmitted first data transmission means, said interface control 

through said second data transmission means, means being operative to electrically actuate said 

and drive assemblies in response to signals representa- 

(c-5) delay means for delaying the transmission of 10 tive of the data received from said control means 

data through said second data transmission through said first data transmission means during 

means by a predetermined period of time from playback mode of operation, 

the transmission of data through said first data 6. An automatic music player system as set forth in 

transmission means. claim 5, in which said plurality of modes of operation of 

4. An automatic music player system as set forth in 15 the player system further include a recording mode of 
claim 3, in which said delay means is conditioned to operation and in which said first sound generator means 
continuously delay the transmission of data through further comprises sensor assemblies respectively associ- 
said second data transmission means by a period of time ated with said key action mechanism and said control 
of the order of 500 milliseconds from the transmission of pedal mechanism, said sensor assemblies being opera- 
data through said first data transmission means. 20 tive to produce musical data signals representative of 

5. An automatic music player system as set forth in the musical information keyed in on said keyboard dur- 
claim 4, in which said first sound generator means forms ing recording mode of operation of the player system, 
part of a piano and comprises 7. An automatic music player system as set forth in 

(a-1) a keyboard, claim 2 or 3, in which said control means further com- 

(a-2) a key action mechanism operatively connected 25 prises designating means cooperative with said discrimi- 

to the keyboard, nating means for selectively designating the data sub- 

(a-3) a control pedal mechanism, block to be transmitted to said first sound generator 

(a-4) string arrangement associated with the key ac- means. 

tion and control pedal mechanisms, ***** 
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